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Abstract

Thi s paper reports on the relationship between the usage of advanced
manuf act uring technol ogi es (AMIs) and energy consunption patterns in
manuf acturing plants. Using data fromthe Survey of Manufacturing Technol ogy
and the 1987 Census of Manufactures, we nodel the energy intensity and the
electricity intensity of plants as functions of AMI usage and plant age. The
main findings are that plants which utilize AMIs are | ess energy intensive
than plants not using AMIs but consunme proportionately nore electricity as a
fuel source. Additionally, older plants are generally nore energy intensive
and rely on fossil fuels to a greater extent than younger plants.
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. Introduction

Over the course of the last 20 years, there has been significant growh
in the use of advance manufacturing technol ogies (AMIs), such as conputer-
ai ded desi gn and manufacturing, conputer nunerically-controlled machines, and
i nformati on networks, in manufacturing plants. The adoption of such
i nnovations by manufacturing facilities can be viewed essentially as enbodi ed
technical change. |In this case, it is the capital factor, including both
har dware and software, that incorporates the advances in technol ogy.
Techni cal change has two principle effects on plant-1evel production --
shifting the production function, e.g. novenents from one i soquant to anot her
and changing the input nmix, e.g. novenents along an isoquant. This research
reports on how AMIs influence factor input choice, and, in particular, the
ef fect they have on plant-level energy intensity and fuel choice.

Mbst econom ¢ studies of energy and technol ogy use aggregate or
i ndustry-1level data and nodel technology as a time trend (for a review, see
Berndt (1990).) These studies focus on di senbodi ed techni cal change and
attenpt to neasure whether technical change is energy using. This paper takes
a different approach. Here, establishnent-level variations in energy and
electricity intensity are nodeled as arising fromdifferences in identifiable
pl ant characteristics and factor prices. Oley and Pakes (1992) and Bailey, et
al . (1992) show the inportance of plant-level heterogeneity in nodels of
productivity growth. Dunne and Roberts (1993) exani ne plant-1evel |abor
demand nodels. |In a sinlar vein, we investigate the determ nants of plant-
| evel energy demand focusing on the role AMIs and plant age.®

Thi s paper focuses on three main issues. First, are plants that enpl oy
advanced technol ogi es, such as conputer-aided design, robotics, and conputers,
relatively nmore or |ess energy intensive than plants relying on traditiona

technol ogi es? The rel ationship between AMIs and energy intensity is an

'An exception is Dons (1992) which examines plant-level nodels of fue
swi t chi ng.



anbi guous one. On the one hand, technol ogical increases inply that nore
recent vintages of capital are likely to enbody greater |abor and energy
efficiencies than ol der vintages. This acts to reduce overall input usage per
unit output. On the other hand, newer vintages of capital, which consune
energy, may al so be viewed as | abor substitutes (robotics is an exanple.)

This latter case represents capital deepening and changes the input mx.?

The second goal of the paper is to test whether energy intensity varies
systematically with the vintage of the manufacturing facility. |In this case,
the energy efficiency of older plants is conpared to that of younger plants.
Finally, the paper investigates the difference in energy m x across plants of
di ffering ages and technologies. 1In the last twenty years, there has been a
steady decline in overall energy intensity in U S. nmanufacturing industries.
At the same tinme, however, electricity's share of total energy consunption
rose sharply.® A potential explanation for this increased electricity share
is the adoption of electricity consuning innovations.*

A uni que aspect of this study is that it enploys plant-level data on
bot h technol ogy usage and energy consunption. The data cone fromtwo surveys.
The 1988 Survey of Manufacturing Technol ogy (SMI) docunents the use of a w de
set of conputer, robotics, and information technol ogies in approximtely
10, 500 manufacturing plants. Al though the SMI does not contain information on
ener gy usage, we have conbined the SMI with data on electricity, fue

consunption, and output collected fromthe 1987 Census of Manufactures (CM to

Prelinmnary evidence from the 1990 Survey of Manufacturing Technol ogy
indicates that a prine reason for purchasing AMIs is to |lower |abor costs.
Roughly, two-thirds of the plants surveyed listed this as an inportant
consideration in the decision to adopt AMs.

*Ross (1991) shows that overall energy intensity, BTU s consumed over tota
out put, declines by roughly a third between 1972 to 1985. However, as percent
of total energy consumed, electricity has increased narkedly.

“The relationship between technical change, productivity growth and
electricity intensity has been exanmined in detail in Rosenberg (1983), Schurr
(1983), and NRC (1986). These sources point out that many of the innovations
that have occurred in the twentieth century are electricity using.



exam ne the relationship between energy and AMs.

The main findings of this paper are fourfold. First, plants which
utilize higher nunbers of advanced technol ogy are | ess energy intensive and
rely nore heavily on electricity as a fuel source. Second, plants utilizing
conmput er aut omat ed desi gn/ conputer automated manufacturing and flexible
manuf act uri ng systens based technol ogi es consune | ess energy per unit of
out put, but consunme a hi gher proportion of electricity. Third, plants
constructed during the period of high energy prices, 1973-1983, are generally
nore energy efficient than plants built during other periods. Finally, plants
over 30 years old are the npst energy intensive and rely nost heavily on non-
electricity based fuels for energy.

The paper proceeds along the following lines. |In the next section a
sinmple enpirical nodel of energy intensity is discussed. The third section of
t he paper describes the construction of the dataset. The fourth section
summari zes the results fromthe energy and electricity intensity regressions

and the fifth section provides concludi ng coments.

1. Energy Consunption and Technol ogy

Two basi c approaches have been taken to exami ne the rel ationship between
energy and technol ogy. One approach is to |look at case studies of energy
savi ng technol ogy innovations (e.g., Ayres (1991), Joyce (1991).) This
i nvol ves the analysis of individual production processes from an engi neering
perspective. A second approach nodel s production functions and exani nes the
role of technology in shifting production functions (e.g., Berndt and Wod
(1975), and Berndt and Field (1984).)° These econonic nodels typically do not
explicitly account for shifts in production functions due to specific

i nnovati ons, but allow general shifts in production relations over tine.

®For a review of the literature on energy and technical change see Berndt
(1990). Jorgenson (1984) finds that strong evidence that technical change is
energy using in nost two-digit sectors.



Thi s paper takes a hybrid approach. |In the spirit of the case studies,

t he paper exanines the relationship between the use of particular innovations
and the energy intensity of manufacturing plants. This involves plant-I|eve
anal ysis focusing on specific technologies. |In the spirit of the production
studi es, we econonetrically estimte energy factor demand equations using a

| arge set of plants across a range of industries.

The main focus of this paper is to explore the relationship between AMIs
and energy consunption patterns in U S. manufacturing plants. The effects of
i ncreased automation through the adoption of AMIs is hypothesized to inpact
the overall energy consunption at manufacturing plants in several ways.

First, while these advanced technol ogies are not primarily designed to reduce
the energy required to produce a good, AMIs may indirectly reduce overal
energy intensity by having energy efficiency spillovers. For exanple,
conputers used in factories nay reduce energy waste through the nonitoring of
production runs, the reduction of production errors, and the coordination of
orders to productions. Similarly, one would expect the use of conputer

aut omat ed desi gn/ conputer automated manufacturing (CAD)CAM to reduce the
amount of machining required to fabricate parts through nore precise
specifications. In the above cases, the usage of such advanced technol ogi es
may i nprove overall efficiency, thereby |owering energy input usage per unit
of out put.

Al'ternatively, these advanced technol ogi es have a direct effect on
energy intensity. These technologies are all energy using and enpl oyi ng these
technologies will tend to increase energy consunption at manufacturing plants.
One goal of this paper is to test whether the indirect energy savings of these
advanced technol ogi es exceed the direct energy requirenments. This is an
i mportant issue for several reasons. First, these advanced manufacturing
t echnol ogi es are becoming nore preval ent and the diffusion of these
technol ogies will inpact future energy demand patterns. Second, these

advanced technol ogies tend to be heavily reliant on electricity. The
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i ncreased application of these technol ogies may act to decrease overall energy
demand while at the same time increasing electricity demand.

This work may al so shed light on the energy-capital conplenment vs.
substitute debate (see Solow (1987) for a review). Part of this debate
centers on the characteristics of the capital being discussed. |I|f new capita
repl aces ol der, nore energy intensive capital, then energy and capital should
appear as substitutes. However, if energy-using capital substitutes for
anot her factor such as | abor, then energy and capital woul d appear as
conpl ements. Therefore, part of the debate centers on the characteristics of
the capital in question. It is an enpirical question whether AMIs are
conpl ements or substitutes for energy.

Besi des the effect of AMIs on energy usage, this paper exam nes whether
ol der plants are nore or |ess energy intensive than their younger
counterparts. One night expect plant age to influence energy efficiency and
energy m x through several nechanisns. The first is a technol ogy effect.

O der plants did not have initial access to recent energy-saving technol ogi es
as did younger plants. These technol ogies include specific innovations such
as variable speed notors, heat exchangers and heat punps. Therefore, if ol der
plants are | ocked into old technol ogies then they may be nore energy intensive
t han newer plants.

The second i npact age has on energy intensity is presented in nodels by
Abel (1983), Lanbson (1989), and Dons (1992), which denponstrate the inportance
of expected relative prices in the choice of technology. During the period
1973-1981, the relative price of energy increased dramatically. The nodels
above state that if expected energy prices are high, then firm will choose
| ess energy intensive nmethods of production. Thus, one m ght hypothesize that
pl ants constructed during the period of high expected energy prices may have
chosen | ess energy intensive production facilities. Finally, if plant

survival is an indicator of plant efficiency (see Jovanovic (1982)), then old



pl ants (plants which survive for a long tine) nmay in fact be generally nore

efficient than young plants (unproven operations.)®

An Enpirical Mdel of Energy Intensity

To incorporate these facets of technology into an enpirical nodel of
energy consunption we derive an energy factor demand equation from a cost
m ni m zation nodel. Suppose each plant's short-run variable cost function has

the followi ng form

VC(p, v, K, z, t)=yAVC(p, K, z, t), (1)

where VC() is a variable cost function, p is a vector of input prices, y is
output, z is a vector of plant characteristics expected to affect costs, K
represents the fixed factor capital, t incorporates nmeasures of a plant's
technol ogy, and AVC() is an average variable cost function. The above
expression equates total variable cost to output times average vari abl e cost
and inplies a constant returns to scale (CRTS) technology.” Differentiating
(1) with respect to the ith input price, p;, and applying Sheppard' s | emm

yi el ds

eC 8AC
— = y—— (p,K, z,t) = X3,
ap; Y op; P (2)

®Empirical studies of plant growh and failure find that new firms have
hi gher failure rates than older firns, see Dunne, Roberts and Sanuel son (1989),
and Evans (1987). These differential failure rates are interpreted as reflecting
di fferences in plant-1evel efficiencies.

"The appropriateness of the CRTS assunption was exani ned through estimation
of the underlying production function. W estinmated the Cobb-Dougl as KLE nodel
for a val ue-added production function. The estimated paraneters for the capital,
| abor, and energy factors sumed to .98. This indicates a slightly decreasing
returns to scale technology but close to CRTS. Bail ey, Hulten and Canpbell
(1992) find CRTS technology in a broad range of industries using simlar plant-
| evel data.



where X, is the cost-ninimzing quantity of the ith factor. This is the
standard expression for the ith factor denmand equation in a unit variable cost
framework. In this paper, we focus on the factor demand equation for energy

and re-express it in intensity form as

(D.K, 2, t) . (3)

This says that energy consunption per unit of output is a function of input

prices, the capital stock, plant characteristics, and technology. To estimate

(3) we nmust first specify a functional formfor the AVC function. In this
paper, we will utilize a double-logarithmc form
%
1:1(7’5).2_;[311:119i . geklnk . gaizi . gyiti. (4)

The dependent variable is neasured as thousands of BTUs consuned divi ded by
val ue- added neasured in dollars.

The first set of independent variables represents factor prices at the
plant. This vector includes the plant-level wage rate and state-I|eve
nmeasures of energy prices. ldeally, we would Iike to have plant-Ievel measures
of energy prices, however, these are unavailable. |Instead, we node
di fferences in energy prices as geographically based and include state-
specific dummy variables in the nodel. This provides nmaxi numflexibility but

sacrifices interpretation.® The next termin the nodel is a plant specific

®We al so used state-level energy prices (electricity and natural gas)
instead of the state dummies to control for differences in regional energy
prices. The results reported below are insensitive to the choice of state
dunmi es or state prices.



nmeasure of the fixed factor capital. This also controls for differences in
energy intensity across differences in plant size. The vector z contains a
set of a production process variables that control for the four-digit SIC

i ndustry the plant operates in, and whether the plant primarily machines,
assenbl es, or fabricates its products. The four-digit industry dumm es al so

control for any differences in industry specific energy price variation

The technology termwi |l be nobdeled with two sets of variables. First,
a set of plant age variables will be included to nbdel the overall vintage of
the plant. Second, a set of variables will be included to nmeasure advanced
t echnol ogy usage in manufacturing plants. In terns of our hypotheses, both

advanced technol ogy and plant age could have either a positive or negative
ef fect on plant-1evel energy consunption patterns. Finally, an additive
i.i.d. error is appended, and the paraneter vectors are estinmated using
ordi nary | east squares

In addition to the above nodel, we also estimate an equation which
specifies the electricity share, the nunber of BTUs of electricity consunmed
di vided by total BTUs consuned at the plant, as a function of the same
i ndependent variables. G ven that the advanced technol ogi es considered in
this study are all electricity consum ng, the relationship between advanced
t echnol ogy usage and electricity share should be positive. Wth respect to
pl ant age, one mi ght expect that ol der vintage plants may rely on ol der
technol ogi es (fossil fuel using) and thus utilize electricity to a |esser

extent.

1. Data

The data used in this analysis cone fromthe merging of two Census
Bureau plant-level data sets - the 1988 Survey of Mnufacturing Technol ogy
(SMr) and the 1987 Census of Manufactures (CM. The SMI sanpled plants
operating in five two-digit SICindustries: Metals Fabrication (SIC 34), Non-

El ectrical Machinery (SIC 35), Electrical Machinery (SIC 36), Transportation



Equi pment (SIC 37), and Scientific Instruments (SIC 38) industries.® These
i ndustries were chosen because they are the nost likely users of the AMIs
studied here. It should be noted that these are not heavily energy consum ng
i ndustries. The nost energy intensive of the five industries is Metals
Fabrication. ™

The SMI' docunents the usage of seventeen different AMIs in 10,500 U.S.
manuf acturing plants at the beginning of 1988. A list of these seventeen
technol ogies is provided in Table 1. For the npbst part, these technol ogies
are conputer-based and represent recent multi-use innovations, such as
conput ers, automated sensors, and nunerically controlled nmachinery. For each
of the seventeen technol ogi es, the SMI asks plants whether they use a
particul ar technology. There is, however, no information on the intensity of
use.

The data on individual technol ogy usage are aggregated to construct two
i ndexes of AMI usage at the plant. The first index is based on the number of
technol ogi es used. W create a set of four indicator variables based on the
foll owi ng technol ogy usage groups: plants utilizing none of the 17
technol ogies, plants utilizing one or two technol ogies, plants utilizing three
to five technol ogies, and plants utilizing six or nore technol ogies. This
groupi ng provi des a roughly even distribution of plants across the four
categories with 20% of the plants using no AMIs, and a little | ess than 30% of
the plants using six or nore technol ogi es. The second neasure of technol ogy
i ndi cates usage by technol ogy group. The five main technol ogy groups are: (1)
Desi gn and Engi neering, (2) Flexible Machining and Assenbly, (3) Automated
Mat eri al Handling, (4) Communication and Control, and (5) Autonated Sensors.

The make-up of these groups is given in Table 1. An individual dummy vari abl e

® The sanpling frame for the SMI was manufacturing plants with 20 or nore
enpl oyees, and operating in major industry groups 34 through 38.

Col l ectively, these 5 industry groups account for only about 11.4% of
total BTU consunption in manufacturing industries but produce 44% of the val ue-
added i n manufacturing.
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is created for each of the five groups indicating whether or not a plant
currently uses a technology fromthat group

The SMI provides us with our index of capital vintage, plant age. The
age data are categorical: zero to less than five years old, six to 15 years
old, 16-30 years old, and older than 30 years. The SMI al so contains data on
the type of production activity occurring at the plant. Four different
categories are provided: Fabrication and Machining; Assenbly; Fabrication,
Machi ni ng and Assenbly; and OGther Activity. A set of three categorica
vari abl es are constructed to control for the type of production activity. 1In
general , assenmbly plants should require | ess energy than plants engaged in
fabrication and nachi ni ng.

In addition to the SMI, the estimted nodels draw variables fromthe
1987 Census of Manufactures (CM. The CM provides plant |evel data on
| ocation (state of operation), average annual production worker wage rate
(WAGE), the gross book val ue of capital (K), value added (VA), and data on
energy consunption. Specifically, the CM supplies the nunber of kil owatt
hours of purchased electricity (Kwh) and the cost of fuels (CF). To construct
a BTU index for the plant, the quantity of electricity and cost of fuels is
converted to BTUs. The conversion of electricity is straight forward. The
nunber of BTUs provided by electricity is sinply the nunber of kilowatt hours
of electricity tines 3,412 BTUs per kWh. To convert the cost of fuels to
BTUs we construct four-digit SIC conversion factors based fromthe 1988
Manuf act uri ng Energy Consunption Survey (MECS.) The MECS has both data on
cost of fuels and nunber of BTUs consuned for a sanmple of plants in
manuf acturing. W utilize these data to construct a conversion factor
(CONFACT;) for each four-digit SIC industry which converts a dollar of fuel
cost into BTUs consuned.® The neasure of energy intensity for plant i in

i ndustry j is constructed as

M'n addition to a four-digit conversion factor, we also constructed
i ndustry by region conversion factors. The energy variables constructed were
quite simlar under both approaches.
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3412.kith, - CONFACTCF,;
VA,

;3

(5) EI; -1n(

where the units are thousands of BTUs per dollar val ue-added. Additionally,
el ectricity share of energy is constructed as the nunber of BTUs of

el ectricity purchased divided by the total nunber of BTUs consunmed at the

pl ant .

The final merged dataset contains information on 6,370 plants. This is
considerably | ess than the total possible sanple of 10,500 plants. The
reduction in sanple occurs for three reasons. First, roughly 500 plants in
the SMI are not found in the CM Second, and npst inportantly, close to 3,500
plants contain inputed or mssing data values in either the SMI or the CM In
general, the problemis of inputation in the CM generated by unit non-
response.'® Finally, a small nunber of plants with extreme outliers in their

data are also renoved fromthe datasets

V. Enpirical Results

As di scussed in the previous section, plant-level energy intensity and
energy m x depend upon many factors, including the production process a plant
enmpl oys, factor prices, and the state of technology. 1In this section, we
econonetrically estimate the inpacts these variables have on the energy
intensity and the energy nmix of a manufacturing establishment. Al
regressions include controls for 4-digit industries (152 industry dunmy
vari abl es), geography (48 State dummies), the plant wage rate, the plant's

gross book val ue of capital, a set of production process dummies (the onitted

2The SMI has a response rate of approximately 93% while the CM has a | ower
response rate for two reasons. Unit non-response is higher in the CM averagi ng
15-20% of the universe. Additionally, not all plants are sent forms. A |arge
nunber of establishments data are inputed directly from the administrative
records data. When either of these occur, the observation is dropped fromthe
anal ysi s.
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group is the "other process" category), and a set of age dummies (the onitted
group being the youngest plant - 0-4 years old.) Two regressions are run for
each dependent variable. The MODEL | regression contains technol ogy nmeasures
that controls for the number of technol ogi es used. The omtted group in these
regressions are plants utilizing zero technol ogies. The MODEL || regression
i ncl udes technol ogy nmeasures that differentiate by type of technology. Al

regressions are estimated using ordinary |east squares.

Energy Intensity

Table 2 provides the results fromthe energy intensity regressions. The
second colum presents the estimates fromthe MODEL | specification while the
third colum presents the results fromthe MODEL Il specification. Exanining
the first colum, the wage variable has a negative effect on energy intensity
i ndi cating as wages rise energy per unit output falls. The coefficient of the
capital variable signifies that larger plants are nore energy intensive than
smal l er plants. A one-percent increase in the capital variable increases
energy-intensity by .058 percent. The next three variables are the dunmmy
vari abl es for the production process. As expected, plants engaged in sone
type of assenbly work are nmuch | ess energy intensive than plants performng
fabrication and machi ning or doi ng sone ot her production activity (the omtted
group.) Plants which are primarily assenbly oriented are 47.4% 1| ess energy
i ntensive than plants engaged in other activities and 38.5% | ess energy
i ntensive than plants perform ng fabrication and machi ning. This indicates
that even after controlling for four-digit industry plant-level differences in
production processes exist, and they have big effects on plant-|evel energy
intensity.

Exami ning the age variables, two results are present. The first finding
provi des support for the hypothesis that plants built during the energy price
shock periods should be |ess energy intensive. Plants built between 1972 and

1983 use 10% | ess energy per unit output than the youngest group and 21% | ess
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than the ol dest group. This is broadly consistent with nmodels of hysteresis
suggested by Abel (1983), Lanbson (1991), and Doms (1992.) Alternatively, the
ol dest plants consune the nbst energy per unit output of any age group. They
are roughly 12% nore energy intensive than the base group

Wth respect to the AMI variables, a clear pattern energes. The
technol ogy paraneters are all statistically significant at the .05 | evel, and
are nonotonically declining. Thus, plants utilizing increasing anounts of
AMI's are |l ess energy intensive than plants using no AMI's. Plants using
three to five AMIs consume 11% 1| ess energy per unit output than plants
utilizing no AMIs, and plants with six or nore AMIs are 20.2% | ess energy
intensive. This is consistent with the view that advanced technol ogi es
i mprove net energy efficiency in manufacturing plants. Finally, statistica
tests on the joint significance of the industry dummies and state dunmm es
indicate that in both cases the null hypothesis of no effect would be rejected
at the .01 level.®

The third colum of Table 2 includes the technol ogy neasures for type of
technol ogy used. The results are the sane as in colum 2 for all the
identical variables in the nodel. The technol ogy type paraneters show that
desi gn and engi neering and the flexible manufacturing systems technol ogi es
| ower the energy intensity of plants. The other three paranmeter estimates are

not significantly different from zero.

Electricity Share

¥The nodels were also estimated seperately for each two-digit industry.
In general, the AMI results are quite simlar to the pooled results for
industries 34, 35, 36 and 37. In industry 38, the | east energy intensive of the
five two-digit industries, there is no effect of technol ogy on energy intensity.
Additionally, the age results are simlar, but the quantitative effects are nuted
for the 5-15 year old age class. These results are available fromthe authors
by request.
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Besi des energy intensity, we al so exani ne how AMIs and pl ant age
influence the energy nmix of plants.? Qur hypotheses are: (1) plants using
nore AMIs woul d be nore electricity intensive, and (2) older plants would rely
nore heavily on direct fossil fuel sources as opposed to electricity. Table 3
reports the results for the electricity share equations. The wage variable
and the process dummy variabl es do not have strong effects on the electricity
share. The capital variable is positive and statistically significant at the
5%l evel. This indicates |arger plants consunme proportionately nore
electricity as fuel source.

Exam ni ng the age and technol ogy variables, three results are present.
First, older plants rely less on electricity than younger plants. Plants over
30 years old consunme 15.8% |l ess electricity as a proportion of total energy
consunption. This supports the hypothesis that older plants are tied to ol der
non-el ectricity based technol ogies. Second, as the nunber of technol ogies
i ncreases, the electricity share paraneters nonotonically increase. For
plants using three to five AMIs the electricity share is 7.3% higher and for
plants using six or nmore AMIs it is 15.5% higher. This is expected since al
the technologies are electricity consunming. Finally, plants utilizing design
and engi neering and flexible machining and assenbly innovations consume

proportionately nore electricity than plants not using these innovations.

Unobserved Productivity Heterogeneity

In this section, we consider the possibility that the technol ogy effects
may pick up the effects of unobserved plant-1level productivity differences
that are correlated with technol ogy use. Suppose that plants are heterogenous
interms of their overall productivity. Sonme plants are nore efficient, as

measured by inputs per unit output, than other plants. One can think of this

“The electricity share nodel is run in double-log form As an alternative
the model was estimated using a tobit estimator with the dependent variable
defined on the zero-one interval. The results fromthese tobit regressions are
very simlar to the OLS runs.
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het erogeneity arising fromdifferences in nanagerial abilities. Now, suppose
that plants with good nanagers have a tendency to use advanced technol ogi es.
If this were the case, then the observed inverse relationship between energy
intensity and AMI usage may be due to this unobserved nanagerial conponent.

To explore this possibility, we nodel differences in plant-|evel
efficiency by the inclusion of firmeffects. The firmeffects will capture
systematic differences in energy intensity due to firmspecific efficiency
differences (e.g., managerial skills.)® The cost of this approach is a
substantial reduction in sanple size (n=2,600.) This reduction occurs because
only firms with two or nore plants can be included in the analysis. Another
difference is that the technol ogy dumry variables are redefined. The onitted
group is plants using 3 or less AMIs. The three dummies included in the
regression represent plants using 4 to 6 technol ogies, plants using 7 to 9
t echnol ogi es and plants using 10 or nore technol ogies, respectively. This
reordering assigns roughly 25% of plants into each of the 4 technol ogy
cat egori es.

Table 4 reports the results for the energy intensity and electricity
share equations. The main results for the technol ogy variables still hold.
Plants utilizing higher nunbers of AMIs are | ess energy intensive (colum 2)
and depend nore upon electricity (colum 3.) Thus, the inclusion of controls
for unobserved productivity differences does not substantially affect the
technol ogy parameters. Sone differences do enmerge. |In particular, the age
results are somewhat nuted in the energy intensity regressions. There does
not appear strong differences in energy intensity across plants of differing

ages. However, in the electricity equation, older plants rely | ess upon

“This is simlar to the approach taken in Dunne and Roberts (1993) when
estimating |abor demand nodels in a cross-section. A ley and Pakes (1992)
utilize panel information on plants and thus can control for plant-I|evel
di fferences in unobserved productivity differences.

The change in the age paraneters may be due, in large part, to the change
in sanple. The sanple of 2600 plants contains primarily old plants. Thus, there
is not as nuch variation in age in this sanple as in the preceding sanple.
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electricity as a fuel source than younger plants. Overall, these results are
broadly consistent with the findings above and indicate that the AMI-energy

relationship is not sinply an artifact of unobserved productivity differences.

V. Sunmmary

This paper utilizes a unique plant-level data set to assess the role
t hat advanced technol ogy and ot her plant-level characteristics play in the
consunption of energy in manufacturing plants. |In general, the results
indicate that differences in plant-1level energy denand are systematically
related to identifiable plant characteristics. Even after controlling for
i ndustry effects, and plant-level differences in production process, age and
technol ogy affect energy and electricity intensity in a statistically and
quantitatively inportant nmanner.

Specifically, this paper documents that plants using AMIs are | ess
energy intensive but nore electricity intensive. Wth respect to plant age,
plants built during the energy price shocks period, plants 5-15 years old, are
the | east energy intensive of the age groups. The ol dest plants, plants
greater than 30 years old, are nore energy intensive and receive a higher
proportion of their energy fromdirect fossil fuel sources (natural gas, oil
and coal) than fromelectricity. Finally, the production process dunm es
(assenbly, fabrication and nachining, assenbly/fabrication and machi ni ng)
illustrate how within industry producer heterogeneity can |lead to substantia

di fferences in the underlying production structure.



Tabl e 1:

Descri ption of Technol ogi es
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Technol ogy*

Descri ption

Conput er Ai ded
Desi gn(CAD): (1)

CAD Controlled
Machi nes: (1)

Digital CAD: (1)

Fl exi bl e Manuf acturi ng
Systens/ Cel | : (2)

Nunerically Controlled
Machi nes/ Conput er
Control | ed
Machi nes: (2)

Mat eri al s Worki ng
Lasers: (2)

Pi ck/ Pl ace Robots: (2)

O her Robots: (2)

Aut omati c St or age/
Retrieval Systens:(3)

Aut omati c
CGui ded Vehicle
Systens: (3)

Techni cal Data
Net wor k: (4)

Use of conputers for drawi ng and designing parts
or products for analysis and testing of designed
parts and products.

Use of CAD output for controlling nachi nes used
to manufacture the part or product.

Use of digital representation of CAD output for
control ling machi nes used to manufacture the part
or product.

Two or nmore machines with autonmated materi al
handl i ng capabilities controlled by conputers or
programmabl e controllers, capable of single path
acceptance of raw materials and delivery of

fini shed prod

NC machi nes are controlled by numerical conmands
punched on paper or plastic nylar tape while CNC
Machi nes are controll ed through an internal
conput er.

Laser technol ogy used for wel ding,
treating, scribing, and marKking.

cutting,

A sinmple robot with 1-3 degrees of freedom which
transfer itens fromplace to place

A reprogrammabl e, multifunctioned nmanipul at or
designed to nove materials, parts, tools or
speci al i zed devi ces through variabl e progranmed
noti ons.

Conput er controlled equi pnent providing for the
automati ¢ handling and storage of material s,
parts, and fini shed products.

Vehi cl es equi pped with automatic gui dance devi ces
programmed to follow a path that interfaces with

work stations for automated or manual | oading of

materials, parts, tools, or products.

Use of |ocal area network (LAN) technol ogy to
exchange technical data w thin design and
engi neeri ng departnents.

(Cont i nued)
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Table 1. Description of Individual Technol ogi es (Continued).

Technol ogy Descri pti on
Fact ory Network: (4) Use of LAN technol ogy to exchange infornmation
bet ween different points on the factory fl oor
I nt er conpany Conput er I nt erconpany conputer network |Iinking plant to
Net wor k: (4) subcontractors, suppliers, and/or custoners.
Pr ogr ammabl e A solid state industrial control device that has
Controllers: (4) programmabl e nenory for storage of instructions,

whi ch performs functions equivalent to a relay
panel or wired solid state logic control system

Conput ers Used on Excl ude conputers used solely for data

Factory Fl oor: (4) acqui sitions or nonitoring. Include conputers
that may be dedicated to control, but which are
capabl e of being reprogrammed for other
functions.

Aut omat ed Sensors Used Aut omat ed equi prent used to performtests and
on | nputs: (5) i nspections on inconmng or in process materials.

Aut omat ed Sensors Used Aut omat ed equi prent used to performtests and
on Final Product: (5) i nspections on final products.

Sour ce: Manufacturing Technol ogy 1988.

The technol ogy group is given in the parenthesis: (1) Design and Engi neering,
(2) Flexible Machining and Assenbly, (3) Automated Material Handling, (4)
Conmuni cati on and Control, and (5) Automated Sensors.




Table 2: Energy Intensity Regressions

Vari abl es: Model | Model |1
4-digit Industry Dumi es Yes Yes
State Dummi es Yes Yes
Log of Capital 0. 058( . 008) 0. 059( . 008)
Log of Wage -.105(.033) -.095(.033)
Fabri cati on/ Machi ni ng -.089(.055) -.080(.055)
Assenbl y - . 474( . 055) -. 468(. 055)
Fabri cati on/ Machi ni ng & Assenbly -.265(.050) -.253(.050)
5-15 years old -.100(.037) -.101(.037)
16- 30 years old -.035(.037) -.034(.037)
Over 30 years old 0. 118(. 040) 0. 120(.039)
1 or 2 AMIs -.092(.032)

3 to 5 AMIs -.137(.033)

6 or nmore AMIs -.209(.037)

Conput er Aut omat ed Engi neering -.141(.023)
Fl exi bl e Manuf acturing Systens -.068(.025)
Aut omat ed Material Handling -.007(.038)
Aut omat ed Sensors -.013(.027)
Conmuni cati on and Control -.001(.024)
Mean of Log(Energy Intensity) . 564 . 564

N 6370 6370
Adj usted R . 304 . 306




Table 3: Electricity Share Regressions

Vari abl es: Model | Model |1
4-digit Industry Dumi es Yes Yes
State Dummi es Yes Yes
Log of Capital 0.034(.007) 0. 035(.007)
Log of Wage -.005(.021) -.008(.021)
Fabri cati on/ Machi ni ng 0. 049(.035) 0. 042(.036)
Assenbl y 0. 023(. 035) 0.019(. 035)
Fabri cati on/ Machi ni ng & Assenbly 0. 045(.032) 0. 036(.032)
5-15 years old 0.021(.024) 0.022(.024)
16- 30 years old -.040(.024) -.042(.024)
Over 30 years old -.157(.025) -.158(.025)
1 or 2 AMIs 0. 040( . 020)

3to 5 AMTs 0.073(.021)

6 or nmore AMIs 0. 155(. 024)

Conput er Aut omat ed Engi neering 0. 059(. 015)
Fl exi bl e Manuf acturing Systens 0. 055(. 016)
Aut omat ed Material Handling 0. 003(.024)
Aut omat ed Sensors 0. 018(.018)
Comuni cation and Contr ol 0. 018(.016)
Mean of Log(Electricity Share) -.672 -.672

N 6370 6370
Adj usted R . 236 . 236




Table 4: Energy Regressions with FirmEffects
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Vari abl es:

552 Firm Dunmi es

Two-digit I ndustry Dummi es
State Dummi es

Log of Capital

Log of Wage

Fabri cati on/ Machi ni ng
Assenbl y

Fabri cati on/ Machi ni ng & Assenbly
5-15 years old

16- 30 years old

Over 30 years old

1 or 2 AMIs

3 to 5 AMIs

6 or nore AMIs

Mean of Log(Electricity Share)
N

Adj usted R

Energy Intensity

El ectricity Share

Yes

Yes

Yes
0. 100(. 017)
-.029(. 069)
-.337(.103)
-.768(.097)
-.507(.092)
-.126(.083)
-.071(.083)
. 094(. 086)
-.016(.048)
-.138(. 055)
-.270(.064)

. 606

2600

. 386

o O o !

Yes
Yes

Yes

. 014(. 009)
.077(.038)
. 297(. 056)
.192(. 052)
. 209( . 050)
. 009( . 045)
.102( . 045)
. 208(. 047)

. 061(. 026)
. 125(. 030)
.170( . 035)

-.619
2600
. 365




Table 5. Wthin Industry Regressions: Age and Technol ogy Paraneters

Energy Intensity

Vari abl e SIC 34 SIC 35 SIC 36 SIC 37 SIC 38
5-15 yrs. .. 077 -.203 -. 057 -. 144 -. 049
(.068) (.074) (.070) (.104) (. 096)
16-30 yrs. -. 042 -.118 -. 005 -. 055 . 058
(.091) (.075) (.072) (.104) (.101)
>30 yrs. . 165 . 035 . 216 -.087 . 201
(.092) (.078) (. 080) (.110) (.111)
1-2 AMTs -.128 -, 141 -.081 -.163 . 086
(. 059) (.067) (.070) (.085) (.092)
3-4-5 AMIs -. 140 -. 173 -.158 -.181 . 023
(.063) (.068) (.073) (.093) (. 096)
>= 6 AMTs -. 254 .. 274 -.133 -.193 -. 113
(.073) (.078) (. 080) (.106) (.111)
Mean Y . 948 . 586 . 366 577 .112
n 1571 1685 1447 864 802
Adj. R . 283 . 240 . 303 . 247 .197

El ectricity Share

SIC 34 SIC 35 SI C 36 SIC 37 SIC 38
5-15 yrs. -. 024 . 017 -. 003 . 045 . 053
(. 059) (. 048) (. 040) (.073) (.062)
16-30 yrs. -. 095 -.058 -. 039 . 013 -. 002
(. 059) (. 049) (.041) (.073) (. 065)
> 30 yrs. -.216 -. 179 -.157 -. 048 -.188
(. 059) (.051) (. 046) (.077) (.071)
1-2 AMTs .077 . 038 . 002 . 038 -. 005
(.038) (. 044) (. 040) (. 060) (. 059)
3-4-5 AMIs . 143 . 039 . 025 . 081 . 000
(. 040) (. 045) (.041) (. 065) (.062)
>= 6 AMTs .191 . 208 . 085 . 049 . 031
(. 047) (.051) (. 046) (.074) (.072)
Mean Y .. 773 -. 703 -. 549 .. 723 -.574
n 1571 1686 1448 864 802
Adj. R . 218 . 228 . 332 . 229 . 237

Not e: All nodels include the sane variables as those reported in Table 3.
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